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COMPARATIVE STUDIES OF MAGNETIC PHENOMENA. V. 
CHANGE IN ELECTRICAL RESISTANCE D U E TO THE ORIENTATION OF 
OBLATE SPHEROIDS WITHIN THE CONDUCTOR.1 
BY S. R. WILLIAMS. 
INTRODUCTORY. 
' I AHE change in electrical conductivity of ferromagnetic metals when 
-^ subjected to a magnetic field was first observed in iron and nickel 
by Lord Kelvin2 in 1856. His results showed that in both metals the 
electrical resistance was increased in a direction parallel to the magnetic 
lines of force and decreased in a direction normal. The qualitative 
results obtained by Lord Kelvin were for the most part confirmed by 
Adams,3 deLucchi,4 Beetz,5 Tomlinson6 and Goldhammer.7 Beetz, in 
working with iron wires, failed to find any change in resistance in trans-
verse fields. Tomlinson carried out some very extensive studies on the 
physical properties of certain metals and among them the alteration of 
electrical conductivity due to magnetic fields. His results are summed 
up in the following: "The electrical resistance of annealed iron and an-
nealed steel, very hard steel, nickel, cobalt, bismuth and zinc are all 
increased by longitudinal magnetization." For transverse magnetiza-
tion experiments were carried out in which the wires were circularly 
magnetized and a decrease in resistance was found. Goldhammer, from 
considerations of the Hall effect, was led to believe that there must be a 
change in resistance in all substances and greatest in those showing the 
largest Hall effect, as for instance in Te, Bi, Sb, Ni, Fe and Co. He did 
find a change in resistance in all of these but in Ag, Au and brass the effect 
was not large enough to measure with certainty. At the time of Lord 
Kelvin's experiments many expressed the view that the change in re-
sistance was due to the mechanical deformations of the substances used. 
Goldhammer raised objections to this viewpoint and to obviate any 
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deformations of the conductor, used his metals in thin deposits on glass. 
Three diamagnetic and three ferromagnetic metals were investigated, 
viz., Bi, Te, Sb and Ni, Co and Fe respectively. These metal films 
deposited on glass had two points of contact diametrically opposite and 
the plate was so arranged that it could be rotated about an axis normal 
to the plane of the glass. In this way the same points of contact could 
be used, but the direction of the flow of the current could be varied with 
respect to that of the magnetic field imposed upon it. His results are 
thus summed up: u E s nimmt also bei alien Metallen der Widerstand in 
der Richtung der Kraft linien zu; in der dazu senkrechten Richtung 
nimmt er nur in diamagnetischen Metallen zu; in magnetischen nimmt 
er ab." The hypothesis that change in resistance was due to deforma-
tions of the conductor, it seems, Goldhammer has pretty thoroughly 
disproved. Nickel, for instance, shortens its length for all field strengths 
applied longitudinally. Its resistance, according to Ohm's law, should 
decrease but instead we find it increasing when subjected to a longitudinal 
magnetic field. 
^Tomlinson concluded his study by saying that "the increase of resist-
ance which is produced by magnetization is probably not merely due 
to the rotation of the molecules of the magnetized substance as mole-
cules, but to the electrical currents which, according to Ampere's hypothe-
sis, are constantly circulating around the molecules." 
In 1900 Sir J. J. Thomson1 explained this phenomenon on the cor-
puscular theory of electric conduction in metals. According to his theory, 
"the electric currents in the metal are carried by negatively charged 
corpuscles moving with a definite velocity under an applied E.M.F. 
These corpuscles are supposed to act as a perfect gas; consequently they 
have a mean free path and a mean velocity and exert a definite pressure. 
If the corpuscles are moving under an electric force and then a transverse 
magnetic force should be applied, the particles will move in cycloids, 
and the resistance will be increased. Similarly in a longitudinal field 
the electrons will describe spirals in their motion and again the resistance 
will be increased. It is to be noted that Van Everdingen2 arrived at 
opposite conclusions regarding the transverse field effect in a theoretical 
paper which appeared not long after Thomson's. At the suggestion of 
Professor Thomson, Patterson3 carried out a series of observations on the 
effect of a magnetic field on the electrical conductivity when applied 
transversely to the conductor. His experiments were performed on non-
1
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magnetic material such as German silver, copper, cadmium, zinc, gold, 
platinum, tin and carbon. In all of these conductors Patterson found 
that the transverse field tended to increase the resistivity unless in some 
metals which showed so little change that it was difficult to say just what 
did occur. Some of these same metal wires were also tested for the 
effect of a magnetic field applied in the direction in which the resistance 
was measured and here an increase was also found. His results are con-
firmatory of Thomson's theory so far as non-magnetic substances are 
concerned and seem to be a fairly satisfactory explanation. The theory, 
however, does not fit the results already cited for magnetic materials. 
Either the theory is not the proper explanation or else in the case of 
ferromagnetic conductors we have other factors in addition, which 
play important rdles. The latter seems plausible, as will be shown later, 
and possibly Van Everdingen's work may be utilized to fit the case of 
ferromagnetic substances. 
Auerbach1 has pointed out that in the Hall effect we have an E.M.F. 
developed normal to the lines of flow when the conductor is placed in a 
magnetic field and which ought to produce an apparent change in resist-
ance. This is comparatively large in the ferromagnetic metals and may 
be one of the factors causing the difference in behavior of ferro and non-
magnetic metals when placed in a transverse magnetic field. 
We thus have many and varied reasons for this change in resistance, 
some of which are contradictory, but many are doubtless present and 
combine to give us the effects found. 
Recently, I pointed out2 that the majority of magnetic phenomena 
could be explained by assuming that the elementary magnet was an oblate 
spheroid about which negative electrons were revolving and that the 
orientation of such an elementary magnetic unit produced or at least 
influenced the magnetic phenomena which we know. If a ferromagnetic 
substance is made up of these oblate spheroids for the nuclei of the ele-
mentary magnets and the magnetic field gives them a definite orientation, 
what will be the effect on the electrical conductivity when the lines of 
flow are parallel to the equatorial planes of the spheroids and what will 
be the effect when the lines of flow are normal? In the thought that 
it might throw some light on this effect first discovered by Lord Kelvin, 
Mr. Paul Weeks, an advanced student in our department, has carried out 
the following experiments: 
1
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M R . WEEKS' EXPERIMENTS. 
Wooden oblate spheroids, boiled in paraffine, were mounted, four on a 
wire, so that the equatorial planes contained the wires. The major axes 
were 1.74 cm. in length and the minor axes 0.82 cm. Sixteen such sets 
were completed and mounted so that the spheroids could be turned with 
the wires as axes. There were 64 spheroids and were grouped to form a 
cube as shown in Figs. 1 and 2. Fig. 1 is a vertical cross-section and 
Fig. 2 is a horizontal cross-section. These 64 spheroids were placed 
tut MM MM MM! 
Fig. 1. Fig. 2. 
between two copper electrodes, 17 X 17 cm. square, and the whole 
inclosed in a paraffined wooden box with glass sides, as shown in Figs. 
1 and 2. The box was 18 cm. deep and the horizontal cross-section, 
17 X 17 cm. 
Ordinary tap-water was poured into the box until the spheroids and 
electrodes were covered. The resistance was then measured by means of 
a Kohlrausch bridge when the spheroids were all turned with equatorial 
planes normal to the lines of flow, when parallel and for intermediate 
Fig. 3. 
azimuths between o° and 900. The difference was very marked, the 
resistance being much greater when the equatorial planes were normal 
than when parallel to the direction of the current. In Fig. 3 is shown the 
way in which the resistance varied as the angle between the equatorial 
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planes and the current were varied from o° to 900. A similar experiment 
was also tried with the same sized spheroids made of type-metal in which 
the spheroids themselves were better conductors than the tap-water. 
Similar results were obtained here as in the case of the non-conducting 
spheroids, viz., an increased resistance when the spheroids were set with 
equatorial planes normal to the current. For the metal spheroids the 
total resistance was less than for the wooden ones. The results are shown 
in Fig. 4. Acidifying the tap-water with H2S04, and increasing the 
Fig. 4. 
conductivity flattened the curves for the metal spheroids. If the tap-
water had the same conductivity as the spheroids, orientation of the 
spheroids ought not to change the resistance. 
DISCUSSION OF RESULTS. 
In the curves of Figs. 3 and 4 it is of interest to note that they are 
the same type of curve which one obtains when plotting the lengths of 
the diameter of the spheroid about an axis lying in the equatorial plane 
as the diameter swings through 900 or the same type of curve which one 
obtains in plotting the area of the projection of the spheroid on a plane 
as the spheroid is turned through 900. To put it another way, if one used 
as radii-vectors the values of the resistances obtained when the spheroids 
were turned in the different azimuths, from o° to 3600, the curve traced 
out by the termini of the radii-vectors would be an ellipse. Goldhammer1 
plotted his results in this way for the different values of the resistance 
of a conductor when placed in a magnetic field and also found that an 
ellipse was the figure obtained when a line was drawn through the termini 
of the radii-vectors representing the resistances for the different angles 
between the direction of the magnetic field and the lines of flow of the 
current. 
1
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In a previous work1 I have shown that to account for the changes in 
length of a ferromagnetic substance, when magnetized longitudinally, 
the orientation of oblate spheroids within the material would give the 
effects observed and that a shortening indicated that the obla te spheroids 
had their equatorial planes normal to the magnetic field. In iron and 
nickel this occurs in strong fields. Kelvin, Goldhammer, Tomlinson 
and Patterson worked with strong magnetic fields so that the oblate 
spheroids, if they exist, were oriented with their equatorial planes normal 
to the field. If resistance was measured normal to the field, then -the 
current would flow parallel to the equatorial planes of the spheroids. 
For ferromagnetic substances this condition is the one for the decrease in 
resistance. It is also the condition found in the experiments reported 
here. Similarly, if the resistance is measured parallel to the field, there 
is an increase of resistance because the current flows normal to the 
equatorial planes. These experiments show increase in resistance when 
the current flowed normal to the equatorial planes. Thus for the metals 
which the theory of Thomson's did not cover, there is in these experiments 
a possible explanation. Cobalt lengthens for strong fields in which case 
it may be supposed that other factors, already mentioned, prevail. 
As was said above there can be little question but what we have a number 
of different factors combining to give us the effect described as change in 
resistance due to a magnetic field. It is a complicated phenomenon. 
In one metal one factor may predominate and in another some other 
factor may hold sway. In connection with the explanation offered in 
these experiments, it would be of great interest to measure the change 
in resistance of the Heusler alloys due to a magnetic field. They show 
increase in length for the Joule effect for all magnetic field strengths 
that have been studied. 
The effect first found by Lord Kelvin is a comparatively small effect, 
hence strong magnetic fields are always used in studying it. If, however, 
the orientation of elementary magnets does play some part in this phe-
nomenon, then we might expect a reverse effect for weak fields since the 
Joule effect shows a lengthening for weak fields and a shortening for 
strong in the case of iron and steel. The effect is doubtless too small to 
be detected in weak fields but nevertheless is worth trying for. This will 
be investigated in connection with a study of the Heusler alloys for change 
in resistance due to a magnetic field. 
One point perhaps should be discussed: what is the cause of this change 
in resistance due to the orientation of the oblate spheroids within the 
conductor? If one maps the lines of flow about the spheroids, when the 
1
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equatorial planes are normal to the lines of flow and when they are parallel, 
it will be seen that the length of the path of flow is greater when the 
equatorial planes are normal to the direction of flow than when parallel. 
This amounts to increasing the length of the conductor and so augmenting 
the resistance, although the distance between the electrodes remains 
constant. This is shown in Figs. 5, 6, 7 and 8 where 5 and 6 are for the 
Fig. 5. 
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Fig. 7. 
non-conducting oblate spheroids and 7 and 8 are for the conducting 
spheroids. The lines of flow were plotted by a method described by 
Hering.1 In Figs. 5 and 6 the elliptical openings are cut in the conduct-
ing sheet and so are non-conducting, while in Figs. 7 and 8 zinc ellipses 
are laid on the conducting sheet and are better conductors than the sheet 
itself. There will also be a change in resistance due to change in cross-
section of the electrolyte as the spheroids are rotated. This is also shown 
in Figs. 5, 6, 7 and 8. 
The experiments as carried out were with the condition that the 
distance between centers of the spheroids remained constant. This is 
analogous to Goldhammer's experiments in which he used thin films 
plated on glass. The elementary magnets could not shift laterally. 
The resistance was also measured when the distance between the bound-
ing surfaces was the same in both directions, the distance between the 
electrodes remaining as before. This did not seem to affect the general 
1
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Fig. 6. 
Fig. 8. 
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results, observed when the centers were kept fixed. The heavy, hori-
zontal lines in Figs. 3 and 4, marked by an arrow, indicate the resistance 
when the spheroids are turned in all possible directions. This would 
be analogous to the condition of a ferromagnetic substance in the virgin 
state. 
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